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(57) ABSTRACT

[Object] Providing a solidified ceramic body with an
improved mechanical strength, wherein the solidified
ceramic body 1s fabricated by activating ceramic powder
through mechanochemical treatment and solidifying the acti-
vated ceramic powder through alkali treatment.

[Method of Solution] Activated ceramic powder having
mechanochemically amorphized surfaces 1s obtained by
ogrinding ceramic powder which 1s composed of silicic acid
and/or silicate at least at surfaces thereof (grinding process).
Inorganic fibers and/or plastic fibers are added to the activated
ceramic powder and are mixed with the activated ceramic
powder (mixing process), and a solidified ceramic body 1s
obtained by adding alkal1 water solution contaiming alkaline
metal hydroxide and/or alkaline earth metal hydroxide to the
powder (alkali treatment process).

13 Claims, 2 Drawing Sheets
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SOLIDIFICATION METHOD OF CERAMIC
POWDER AND SOLIDIFIED CERAMICS

TECHNICAL FIELD

The present invention relates to a method for solidifying
ceramic powder without using binder such as cement and
water glass nor sintering the ceramic powder at a high tem-
perature. The present invention also relates to solidified
ceramics.

BACKGROUND ART

Since cement clinker 1s obtained by mixing limestone with
clay and sintering the mixture, each of sintering of the lime-
stone and burning of heavy fuel o1l causes release of carbon
dioxide gas 1n obtamning the cement clinker. Therefore, 1t 1s
said that one ton of carbon dioxide gas 1s generated in sinter-
ing a ton of cement clinker. In recent years, a new alternative
technology to replace cement 1s sought because the global
warming has become a worldwide concern and emission
constraint of the carbon dioxide gas has become a significant
subject.

Under the circumstances, a solidified ceramic body solidi-
fied at a normal temperature 1s getting much attention as
energy-saving material which 1s free from limestone and sin-
tering. This solidified ceramic body 1s fabricated by binding,
ceramic powder by means ol water glass which serves as
binder. In fabricating this solidified ceramic body, the water
glass 15 mixed with filler such as metakaolin, and metal 10ns
in the filler dissolves and reacts with the water glass. Thus,
sodium silicate constituting the water glass gets cross-linked
to become an 1morganic polymer. Then, a dehydration-con-
densation reaction proceeds along with water evaporation
which results 1n the solidified ceramic body.

Thus, it 1s possible to easily obtain building material such
as blocks at a normal temperature without using limestone if
the solidified ceramic body 1s fabricated by using, as 1s
described above, the water glass to solidity the filler (although
it 1s preferable to sinter the solidified ceramic body at 750
degrees C., this temperature 1s still far lower than a tempera-
ture at which the cement clinker 1s sintered.) Therefore, the
amount of the carbon dioxide gas generated 1n fabricating this
solidified ceramic body 1s far smaller than that in fabricating
the cement.

However, in the above-described solidified ceramic body
tabricated by using the water glass as the binder, the solubility
of ceramics in the solidified ceramic body significantly
changes depending on the proportion of silicon to sodium 1n
the water glass and the degree of polymerization. Therefore,
it 1s hard to control the solidification so as to reproductively
make the solidified ceramic body have high strength. In addi-
tion, since the water glass 1s used 1n large amounts in fabri-
cating the solidified ceramic body, evaporation of water in the
water glass tends to cause the solidified ceramic body to
deform and crack. This results 1n a problem that the mechani-
cal strength of the solidified ceramic body 1s insuilicient.
Moreover, the evaporation of the water causes a condensation
reaction which results 1n a problem that the dimension accu-
racy of the solidified ceramic body 1s insuilicient. Moreover,
since the water glass 1s used in large amounts in fabricating
the solidified ceramic body, fractions of the water glass
become prominent on the surface of the solidified ceramic
body, make the solidified ceramic body stained 1n white, and
harm the appearance of the solidified ceramic body. More-
over, since the highly viscous water glass and the ceramic
powder have to be mixed well, 1t takes a large amount of
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energy and time to mix the water glass and the ceramic
powder. Furthermore, in order to cause a chemical reaction
between a large amount of the water glass and the ceramics,
the ceramics have to have a phase composed of silicic acid or
silicate not only at the surfaces thereol but also at inner
portions with a certain depth from the surfaces.

As an art for solving these problems of the solidified
ceramic body, which 1s solidified at a normal temperature and
1s Tabricated by binding the ceramic powder by means of the
water glass as the binder, non-sintering ceramics have been
developed which are fabricated by activating ceramic powder
through mechanochemical treatment and solidifying the acti-
vated ceramic powder through alkali treatment (see The
Ceramic Society of Japan, Proceedings of 20th Autumn Sym-
posium, p. 17.)

This art makes 1t easy to control the solidification,
improves the mechanical strength, the dimension accuracy
and the appearance of the solidified ceramic body, decreases
energy consumed 1n fabricating the solidified ceramic body,
and widens variety of resources as the raw material for the
solidified ceramic body.

SUMMARY OF INVENTION

Technical Problem

However, further improvement of the mechanical strength
1s desired for the non-sintering ceramics which are fabricated
by activating ceramic powder through mechanochemical
treatment and solidifying the activated ceramic powder
through alkal1 treatment.

In view of this situation, 1t 1s an object of the present
invention to provide a solidified ceramic body with an
improved mechanical strength, wherein the solidified
ceramic body 1s fabricated by activating ceramic powder
through mechanochemical treatment and soliditying the acti-
vated ceramic powder through alkali treatment.

Solution to Problem

A solhidification method according to the present invention
1s characterized by including: a grinding process for obtain-
ing activated ceramic powder having mechanochemically
amorphized surfaces by grinding ceramic powder which 1s
composed of silicic acid and/or silicate at least at surfaces
thereol; a mixing process for obtaining a fiber-activated
ceramic powder mixture by adding inorganic fibers and/or
plastic fibers to the activated ceramic powder and mixing the
inorganic libers and/or plastic fibers with the activated
ceramic powder; and an alkali treatment process for obtaining
a solidified ceramic body by adding alkali water solution
containing alkali metal hydroxide and/or alkaline earth metal
hydroxide to the fiber-activated ceramic powder mixture and
thereby dissolving and reprecipitating surfaces of the acti-
vated ceramic powder.

The solidification method of the ceramic powder according,
to the present invention obtains the solidified ceramic body by
means of mechanochemical phenomena. In the mecha-
nochemical phenomena, chemical bonding or change 1n elec-
tron density distribution occur 1 a solid substance under
shock stress or shear stress caused by crushing or the like.
This sometimes results 1n various chemical reactions at local
areas caused by movements of electrons and sometimes
results 1n excitation of electronic energy which 1s different
from an excited state 1n thermal processes. The silicic acid
and silicate can be amorphized under the mechanochemaical
treatment. Therefore, 1n order to utilize the phenomena, pow-
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der of the silicic acid and/or silicate 1s amorphized in the
grinding process by grinding the powder by means of a ball
mill or the like. In addition, alkali 1s acted on the amorphized
powder so that the alkaline reacts with the noncrystalline
phases and that the powder 1s solidified through dissolution
and reprecipitation.

Since the ceramic powder serving as raw material 1s com-
posed of silicic acid and/or silicate at least at surfaces thereot,
the surfaces are mechanochemically amorphized 1in the grind-
ing process and the ceramic powder becomes the activated
ceramic powder which 1s nonresistant against the alkaline.
Then, 1n the mixing process, the fiber-activated ceramic pow-
der mixture 1s obtained by adding the 1norganic fibers and/or
the plastic fibers to the activated ceramic powder and mixing,
the morganic fibers and/or the plastic fibers with the activated
ceramic powder. Moreover, 1n the alkali treatment process,
the fiber-activated ceramic powder mixture 1s solidified by
causing the alkali to act on the fiber-activated ceramic powder
mixture. In the alkali treatment process, the noncrystalline
phases at surfaces of the activated ceramic powder are
alfected by alkali, dissolved, reprecipitated through dehydra-
tion-condensation reaction, and solidified with the inorganic
fibers and/or plastic fibers included therein. Thus, the solidi-
fied ceramic body according to the present invention 1s fab-
ricated.

In the solidified ceramic body obtained in this way, the
inorganic fibers and/or the plastic fibers are included 1n solidi-
fied substances which bind the solidified activated ceramic
powder together. Thus, the solidified ceramic body has a
property of a fiber-remnforced composite and becomes a
solidified body having an improved mechanical strength
compared to a solidified body without having inorganic fibers
and/or plastic fibers.

In addition, since water glass 1s not used in fabricating the
solidified ceramic body, the shrinkage ratio 1n the dewatering
process 1s not so large and it 1s therefore possible to fabricate
a compact with an improved dimension accuracy. Moreover,
it 1s possible to suppress deformation and cracks in the com-
pact and therefore possible to improve the mechanical
strength. Moreover, since water glass 1s not used which sig-
nificantly changes its characteristics depending on the degree
ol polymerization, it 1s possible to control the solidification
casily and improve quality stability such as the mechanical
strength. Moreover, unlike the water glass which 1s highly
viscous and difficult to mix homogeneously with raw mate-
rial, the alkali water solution containing the alkali metal
hydroxide and/or the alkaline earth metal hydroxide has low
viscosity, easy to homogeneously mix with the ceramic pow-
der serving as raw material, and requires small energy and
short time 1n being mixed with the ceramic powder. Further-
more, since 1t 1s easy to obtain a homogeneous mixture, 1t 1s
unlikely that segregation of the alkali causes the solidified
ceramic body to seem stained 1n white.

In a dissolution process, the alkali metal hydroxide con-
tained 1n the alkal1 water solution may be any of potassium
hydroxide, sodium hydroxide, lithium hydroxide and the like.
In the dissolution process, the alkaline earth metal hydroxide
contained in the alkali water solution may be calctum hydrox-
ide, bartum hydroxide and the like.

The 1norganic fibers to be mixed with the activated ceramic
powder may be any of carbon fibers, alumina fibers, SiC
fibers, S1N fibers and the like. Especially, the carbon fibers are
light and superior in the mechanical strength and can there-
fore constitute a solidified ceramic body which 1s light and
superior in the mechanical strength. In addition, mmorganic
fibers composed of carbon nanotubes can be used as well.
Since the carbon nanotubes are notably superior in the
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mechanical strength and have characteristics of adsorbent,
they can constitute a solidified ceramic body as a functional
material.

Organic fibers to be mixed with the activated ceramic pow-
der may be any of several kinds of plastic fibers and several
kinds of natural fibers. The plastic fibers may be any of fibers
made of polyethylene, fibers made of polypropylene, fibers
made of polyamide resin and the like. Among them, fibers
made of aromatic polyamide resin are suitable because they
are superior in the mechanical strength and the thermal resis-
tance. Especially, fibers made of poly-p-phenylenetereph-
thalamide (Kevlar (a registered trademark owned by E.I. du
Pont de Nemours and Company)) are suitable, wherein the
poly-p-phenyleneterephthalamide 1s obtained from p-phe-
nylenediamine and terephthaloyl chloride through co-con-
densation polymerization. These fibers have a tension
strength five times larger than that of steel and are superior 1n
thermal resistance, rub resistance, cutting resistance and
shock resistance. Therefore, the solidified ceramic body fab-
ricated by mixing these fibers to the activated ceramic powder
1s superior 1n the mechanical strength, the thermal resistance,
the rub resistance, the cutting resistance and the shock resis-
tance. The natural fibers may be, for example, cellulose fibers
or animal fibers such as wool and silk and the like.

With the solidification method of the ceramic powder
according to the present invention, 1t 1s possible to obtain the
solidified ceramic body according to the present ivention.
Thus, the solidified ceramic body according to the present
invention 1s characterized by being solidified by treating a
fiber-activated ceramic powder mixture with alkali water
solution containing alkali metal hydroxide and/or alkaline
carth metal hydroxide, wherein the fiber-activated ceramic
powder mixture 1s obtained by adding 1norganic fibers and/or
plastic fibers to activated ceramic powder, and the activated
ceramic powder 1s obtained by mechanochemically amor-
phizing ceramic powder which 1s composed of silicic acid
and/or silicate at least at surfaces of the ceramic powder.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic sectional view showing activated
ceramic powder.

FIG. 2 1s a schematic sectional view showing solidified
ceramics.

FIG. 3 1s a magnified sectional view showing solidified
ceramics.

FIG. 4 1s a graph showing a relation between an added
amount of carbon nanotubes and flexural strength.

DESCRIPTION OF EMBODIMENTS

<Raw Materal>

Ceramics serving as raw materials have to be composed of
silicic acid and/or silicate at least at their surfaces. Such
ceramics can be any of clay mineral, quartz, S10,—Al1,0O,
inorganic powder and the like, wherein the clay mineral may
be bentonite, kaolinite, metakaolin, montmorillonite and the
like, and the S10,—Al, O, mnorganic powder may be mullite
and the like. Among them, the clay mineral and the quartz are
suitable because they are obtained at a low cost and 1n large
amounts. The mnventors have obtained solidified ceramic bod-
ies which are precise and mechanically strong by using the
metakaolin as the clay mineral. In addition, waste material
such as fly ash, “Kira”, glass, paper sludge, aluminum dross
and the like can be used as the ceramics. The ceramics which
are composed of silicic acid and/or silicate only at the sur-
faces can be any of, for example, silicon nitride, silicon car-
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bid, aluminosilicate (zeolite), sialon (SIAION), silicon oxyni-
tride (S10ON), silicon oxycarbide (S10C) and the like.

In addition, aggregate which 1s composed of silicic acid
and/or silicate at least at the surfaces can be used in combi-
nation with them. This aggregate can be any of sand, crushed
sand, gravel, crushed stone, silica sand, silica powder, ly ash,
mica, diatom earth, mica mineral, rock powder (“Shirasu”
(volcanic ash), “Kohgaseki™ (rhyolite) and the like), basalt,
teldspar, wollastonite, clay, bauxite, sepiolite, fibrous mate-
rial and the like.
<Grinding Process>

In the grinding process, ceramic powder which 1s com-
posed of silicic acid and/or silicate at least at the surfaces
thereot 1s grinded to become, as shown 1n FIG. 1, activated
ceramic powder 1 having noncrystalline layers 1a at which
the surfaces of the ceramic powder 1 are amorphized mecha-
nochemically. In the noncrystalline layers 1a, a silica network
1s 1n an amorphous state and 1s therefore vulnerable to alkali.

In making this mechanochemical behavior function, 1t 1s
clfective to apply impulse force, friction force, compressing
force, shearing force and the like 1n a complex manner. A
device which can make this mechanochemical behavior func-
tion may be, but not limited to, a mixing device such as a ball
mill, a vibrating mill, a planetary mill, a medium agitation
mill and the like, and a crushing device such as a media ball
mill, a roller mill, a mortar and the like. In addition, a jet mall
and the like may be used which can mainly apply impulse
force, grinding force and the like to a target of grinding. In
using the jet mill, compression force, shearing force, and
impulse force can be applied to the target of grinding. There-
fore, the jet mill can amorphize the silicic acid and/or silicate
at the surfaces of the ceramics to produce the activated
ceramic powder.

In addition, it 1s preferable to grind the ceramic powder
until temporal change of the particle size distribution disap-
pears 1n the ceramic powder. When the ceramic powder 1s
grinded to the extent that the temporal change of the particle
s1ze disappears, the ceramic powder has presumably come to
a boundary state at which the ceramic powder cannot be
broken up anymore since the mechanochemical amorphizing,
of the ceramic surfaces has advanced to 1ts limit. The acti-
vated ceramic powder 1 obtained by grinding the ceramic
powder until the boundary state can be dissolved easily in the
alkal1 water solution. In addition, the solidified ceramic body
resulting from the activated ceramic powder obtained as
above becomes precise and mechanically strong.
<Mixing Process>

In the mixing process, a powder mixture 1s obtained by
adding the inorganic fibers and/or the plastic fibers to the
activated ceramic powder obtained 1n the grinding process
and mixing the fibers with the activated ceramic powder.

<Alkal1 Treatment Process>

The alkali water solution containing the alkali metal
hydroxide and/or the alkaline earth metal hydroxide 1s added
to the powder mixture, and the powder mixture 1s treated by
the alkal1 water solution. A device for mixing and kneading
the alkali water solution and the powder mixture may be, but
not limited to, any conventionally known mixing device or
kneading device. For example, the device may be any of a
double arm kneader, a pressure kneader, an Eirich mixer, a
super mixer, a planetary mixer, a Banbury mixer, a continuous
mixer, a continuous kneader and the like. It 1s preferable to
use a de-airing pug mill to remove air bubbles. With this
de-airing pug mill, it 1s possible to prevent air bubbles from
remaining in the solidified ceramic body.

In this process, the noncrystalline layers 1a at the surfaces
of the activated ceramic powder 1 are dissolved, dehydrated
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and condensed to form precipitated layers 2a as shown 1n
FIG. 2. At thus time, the fibers 3 added in the mixing process
are included 1n the precipitated layers 2a to constitute a com-
plex. Thus, the precipitated layers 2a serve as adhesive in
obtaining the solidified ceramic powder 2. In this alkali treat-
ment process, the dissolution reaction and the dehydration-
condensation reaction of the noncrystalline layers 1a may be
developed at room temperature or accelerated by heating.
Although the reaction temperature may be properly selected
according to the kind of the ceramics and the kind or the
concentration of the alkal1 water solution, a range from room
temperature to 200 degrees C. 1s normally preferable, and a
range from room temperature to 60 degrees C. 1s more prei-
crable.

EXAMPLES

Heremaftter, detailed description 1s given of examples of
the present invention.

Example 1

In an example 1, metakaolin (having 1 um of mean particle
s1ze) which 1s obtained by sintering and dehydrating kaolinite
1s used, and potassium hydroxide water solution 1s used as the
alkali water solution. Then, a carbon nanotube reinforcement

solidified metakaolin body 1s fabricated through each of the
following processes.
<Grinding Process>

Activated metakaolin powder 1s obtained by placing 200
grams ol the above-descried metakaolin in a magnetic pot
having a volume of 1000 mL, putting zirconia balls (having
10 ¢ of diameter) into the magnetic pot, and rotating the
magnet pot with a ball mill device for 100 hours.
<Mixing Process>

Carbon nanotubes (multi-walled, 10 nm¢, 10 um of fiber
length, 100 of aspect ratio) are added to the activated metaka-
olin powder to achieve 5 weight percent and mixed with the
activated metakaolin powder by using the mixing device.
<Alkal1 Treatment Process>

50 mass percent of potassium hydroxide solution 1s added
to the mixture obtained in the mixing process to achieve 65
mass percent of the potassium hydroxide solution relative to
the raw material. Then, by means of the de-airing pug mill, the
resultant material 1s extruded and cut 1into a predetermined
length to obtain an admixture body having a shape of a square
pole. In addition, the admixture body 1s located 1n a drier
which 1s set to dry 1ts content at 40 degrees C., and 1s heated

and dried by the drier for 24 hours to obtain the solidified
metakaolin body in the example 1.

Example 2

In an example 2, the mixing proportion of the carbon nano-
tubes 1s set to 10 weight percent. The other conditions for
fabricating the solidified metakaolin body are the same with
those 1n the example 1 and are not described here.

Example 3

In an example 3, the mixing proportion of the carbon nano-
tubes 1s set to 15 weight percent. The other conditions for
tabricating the solidified metakaolin body are the same with
those 1n the example 1 and are not described here.

Comparative Example 1

In a comparative example 1, the alkali treatment process 1s
performed without adding the carbon nanotubes to the acti-
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vated metakaolin powder. The other conditions for fabricat-
ing the solidified metakaolin body are the same with those 1n
the example 1 and are not described here.
<Evaluation>

Three-point bending strengths have been measured by
using a force testing device for the above examples 1 to 3 and
the comparative example 1 at room temperature according to
JIS R 1601. In the result, the three-point bending strength 1s
38 MPa for the solidified metakaolin body 1n the comparative
example 1 to which the carbon nanotubes are not added. In
contrast, the three-point bending strengths are 43 MPa, 60
MPa and 40 MPa for the solidified metakaolin body in the
examples 1, 2 and 3, respectively. Thus, the bending strength
ol the solidified metakaolin body 1s improved in the examples
1 to 3 compared to that 1n the comparative example 1.

Although the multi-walled carbon nanotubes are mixed
with the activated metakaolin powder 1n the examples 1 to 3,
single-walled carbon nanotubes and/or carbon fibers may be
used 1n place of the multi-walled carbon nanotubes.

Example 4

In an example 4, metakaolin (having 1 um of mean particle
s1ze) which 1s obtained by sintering and dehydrating kaolinite
1s used, and potassium hydroxide water solution 1s used as the
alkal1 water solution. Then, an aramid fibers reinforcement
solidified metakaolin body 1s fabricated through each of the
tollowing processes.
<Grinding Process>

Activated metakaolin powder 1s obtained by placing 200
grams ol the above-descried metakaolin 1n a magnetic pot
having a volume o1 1000 ml, putting zirconia balls (having 10
¢ of diameter) into the magnetic pot, and rotating the magnet
pot with a ball mill device for 100 hours.
<Mixing Process>

Poly-p-phenyleneterephthalamide (Kevlar (a registered
trademark owned by E.I. du Pont de Nemours and Company)
29) 1s added to the activated metakaolin powder to achieve 5
welght percent and mixed with the activated metakaolin pow-
der by using the mixing device.
<Alkal1 Treatment Process>

50 mass percent of potassium hydroxide solution 1s added
to the mixture obtained in the mixing process to achieve 65
mass percent of the potassium hydroxide solution relative to
the raw material. Then, by means of the de-airing pug mill, the
resultant material 1s extruded and cut into a predetermined
length to obtain an admixture body having a shape of a square
pole. In addition, the admixture body i1s located 1n a drier
which 1s set to dry 1ts content at 40 degrees C., and 1s heated
and dried by the drier for 24 hours to obtain the aramid fibers
reinforcement solidified metakaolin body 1n the example 4.

The three-point bending strength has been measured at
room temperature according to JIS R 1601 by using a force
testing device for the aramid fibers reinforcement solidified
metakaolin body obtained in the above-described manner. In
the result, the three-point bending strength of the aramid
fibers reinforcement solidified metakaolin body is higher than
that of the solidified metakaolin body in the comparative
example 1 to which the poly-p-phenyleneterephthalamide 1s
not added.

The mvention 1s not limited to the above description of the
examples of the present invention. The mmvention includes
various modified embodiments as long as they do not go out
of the claimed range and they can be come up with by aperson
who 1s skilled 1n this art.
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INDUSTRIAL APPLICABILITY)

The present mvention 1s applicable to many industrial
fields as structural material which 1s energy-saving and emits
a small amount of carbon dioxide gas 1n its fabrication pro-
CEesS.

The mnvention claimed 1s:

1. A solidification method of ceramic powder, comprising:

grinding ceramic powder which 1s composed of silicic acid

and/or silicate at least at surfaces thereof to obtain acti-
vated ceramic powder having mechanochemically
amorphized surfaces;

adding 1norganic fibers and/or organic fibers to the acti-

vated ceramic powder and mixing the inorganic fibers
and/or organic fibers with the activated ceramic powder
to obtain a fiber-activated ceramic powder mixture; and
adding alkali water solution containing alkali metal
hydroxide and/or alkaline earth metal hydroxide to the
fiber-activated ceramic powder mixture and thereby dis-
solving and reprecipitating surfaces of the activated
ceramic powder to obtain a solidified ceramic body.
2. The solidification method according to claim 1, wherein
the ceramic powder serving as raw material 1s composed of
clay mineral and/or quartz.
3. The solidification method according to claim 2, wherein
the clay mineral 1s metakaolin.
4. The solidification method according to claim 1, wherein
the organic fibers are made of aromatic polyamide resin.
5. A solidified ceramic body, the body being solidified by
treating a fiber-activated ceramic powder mixture with alkali
water solution containing alkali metal hydroxide and/or alka-
line earth metal hydroxide,
wherein
the fiber-activated ceramic powder mixture i1s obtained
by adding 1norganic fibers and/or organic fibers to
activated ceramic powder, and
the activated ceramic powder i1s obtamned by mecha-
nochemically amorphizing ceramic powder which 1s
composed of silicic acid and/or silicate at least at
surfaces of the ceramic powder.
6. The solidified ceramic body according to claim 5,
wherein
the activated ceramic powder has noncrystalline layers
which are obtained by amorphizing the surfaces of
ceramic powder through mechanochemical phenomena,

the ceramic powder 1s solidified by means of precipitated
layers which are obtained by dehydrating and condens-
ing the noncrystalline layers dissolved 1in the alkali water
solution, and

the inorganic fibers and/or organic fibers are included in the

precipitated layers to constitute a complex.

7. The solidification method according to claim 2, wherein
the organic fibers are made of aromatic polyamide resin.

8. The solidification method according to claim 3, wherein
the organic fibers are made of aromatic polyamide resin.

9. A solidification method of ceramic powder, comprising:

grinding ceramic powder which 1s composed of silicic acid

and/or silicate at least at surfaces thereol to cause
mechanochemical phenomena to obtain activated
ceramic powder having mechanochemically amor-
phized surfaces;

adding 1norganic fibers and/or organic fibers to the acti-

vated ceramic powder and mixing the mnorganic fibers
and/or organic fibers with the activated ceramic powder
to obtain a fiber-activated ceramic powder mixture; and
adding an alkali water solution containing alkali metal
hydroxide and/or alkaline earth metal hydroxide to the
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fiber-activated ceramic powder mixture, thereby dis-
solving and reprecipitating surfaces of the activated
ceramic powder, thereby forming precipitated layers
including the inorganic fibers and/or organic fibers,
solidifying the ceramic powder by means of the precipi-
tated layers, and thereby obtaining a solidified ceramic
body.

10. The solidification method according to claim 9,
wherein the ceramic powder 1s solidified only by means of the
precipitated layers.

11. The solidification method according to claim 9,
wherein the ceramic powder serving as raw material 1s com-
posed of clay mineral and/or quartz.

12. The sohdification method according to claim 11,
wherein the clay mineral 1s metakaolin.

13. The solidification method according to claim 9,
wherein the organic fibers are made of aromatic polyamide
resin.

10
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